Kaolin and ball clay samples from four states in Nigeria were examined with the aim of determining their chemical composition as well as testing for their suitability as refractory materials for furnaces lining applications. Three kaolin samples were taken from Ikpeshi in Edo, Kasadi in Kebbi and Alaasan in Osun state, while the ball clay sample used as the binder was taken from Badeggi in Niger state. The kaolin samples were tested and beneficiated in other to improve on their alumina contents after which they were characterized and produced as a refractory brick by mixing each kaolin sample with the ball clay in 70:30 ratio. They were then tested comprehensively for the following refractory properties such as: firing shrinkage, apparent porosity, bulk density, cold crushing strength, thermal shock resistance, refractory under load (RUL), thermal expansion, thermal conductivity, X-ray diffraction and scanning electron microscope.
INTRODUCTION
The pressing needs in Nigeria and the availability of abundant natural resources demand that the direction of utilization of locally available resources be upgraded through scientific and technological insight and new or improved technology to meet the needs of iron and steel industries. Technological development in Nigeria has created awareness and has increased the standard of living of both urban and rural dwellers, leading to increasing use of modern industrial appliances. If Nigeria is to sustain increased industrial growth, the iron and steel industries must be sustained and new one established. These industries make use of furnaces and these furnaces are lined with refractory bricks produced using kaolin or other clays which are presently imported.
are thus classified to be of high refractory value as the amount of alumina in them increases. Ball clays are generally used in varying proportions as a binder with kaolin in fire bricks production. The clay being highly plastic, facilitates the forming process and contributes to the dry-strength, or green strength, of the product. Most research work carried out on refractories in Nigeria had centred on testing for their physical and chemical properties to ascertain their suitability in productions of fire bricks for lining furnaces. There is not much systematic and detailed work carried out on the refractoriness under load of these clays (RUL), which indicates the temperatures at which the clays will collapse under a constant load. This particular research intends to utilize available raw materials kaolin and ball at generating a strong refractory fire bricks material that will withstand high temperature before failing under load.
MATERIALS AND METHOD 2.1 Materials
The following samples of clays were sourced from four states in Nigeria which are Ikpeshi (Akoko Edo) in Edo State, Kasadi Village in Kebbi State, Alasan (Iwoye Juction) in Osun State and Badeggi in Niger State. The clay samples deposit sites were dug two meters deep into the earth using an iron digger and samples were collected at different locations as shown in Table 1 . As can be seen from the Table, kaolin is used as the principal raw material while ball clay was used as the binder. The kaolin and ball clay were mixed in suitable proportion of 70:30 ratio in the production of the fire clay bricks. 25kg of the clay samples from each state were collected. These samples were subjected to test and based on the outcome of the results, were beneficiated. The beneficiation process involved washing of the clay, sieving, drying and subjecting each sample to gravity separation other beneficiation method used included screening of the kaolin samples at 120mesh size and froth floatation, this method was employed in reducing the silica content, so as to improve on the alumina level. As well as demagnetizing the samples through a magnetic separator to see the possibilities of reducing the iron content and other impurities like CaO, MgO, Na2O3, CaCO3, and TiO2 (rutile). The samples were also leached using oxalic acid so as to improve on the whiteness, after which the beneficiated kaolin samples were characterized for their chemical, physical properties, refractoriness under load (RUL), SEM and X-ray diffraction.
2 Methods
All the experiments for this work were carried out at National Geo-Survey Institute (NGIS) Barnawa, Kaduna, Kaduna Polytechnic, Kaduna and Katsina State University, Katsina. The beneficiated kaolin and ball clay samples were crushed, sieved, pre-treat, mixed in suitable proportion ratio of 70:30, mould, dried before firing in an electric furnace up to 1300°C. Firing of the brick sample was done gradually at the rate of 5°C/minute. The sample was then soaked at 1300°C for 2 hours and allowed to cool gradually in the furnace over-night.
Chemical Analysis
The chemical analysis of the raw clay samples was carried out using Atomic Absorption Spectrophotometer (AAS) and X-ray fluorescence (XRF). The percentage composition of the various constituents was recorded on Table 2 2.4 Refractory Properties
Bulk Density
The bulk density of a refractory body is represented by the weight per unit volume including pore space. The test pieces were prepared from the clay samples. The specimen was dried in an oven for 24 hours at 110ºC. The dried weight (Wd) of the specimen was recorded, after which they were fired in a furnace at 1100ºC. The specimens were then placed in a beaker of water in vacuum desiccators and evacuated completely until bubbling ceased. At this point the airs in the samples have been displaced by water. The specimens were then dried and the soaked weight (Ws) was recorded. The specimens were then suspended in a beaker of water one after the other and the suspended weight (Wp) was recorded. The average bulk density was calculated from the following expression.
Moisture Content
50g of the mixture was weighed out with 0.01g accuracy, spread in a thin layer on a sand glass and dried at temperature 110 o C to constant weight, it was then cooled in a desiccators and re-weighed. The difference in weight was expressed as a percentage to the dry weight as follows:
Where MC = moisture content, Gw = mass of the wet sample, GD = mass of the sample after drying.
Firing Shrinkages
Firing Shrinkage represents the permanent change that the refractory shapes undergo during heating or re-heating under a given set of condition. The test pieces were dried in an oven at 110 o C for 24 hours and slowly fired up to 1100°C in a muffle furnace at 700°C and at subsequent 100°C interval. The fired shrinkage (FS) was then calculated using the following expression:
Water Absorption
The percentage of water absorption determines the rate at which water is been absorbed. This property is important because, it indicates the quantity of moisture which the clay can absorb without collapsing [3] . The test specimens made from the clay samples were dried in an oven till a constant weight was obtained. The samples were then submerged in a boiling water one after the other in such a way that they did not touch the bottom of the vessel. The evaporated water was then replaced by boiling water, and after a boiling period of 4 hours the vessel was cooled to about 25 o C. After removing the adhering water from the samples with moist cloth, the specimens were then weighed again. The dried weight and the soaked weight were measured and recorded [5] . The percentage water absorption was calculated using the formula:
Where: SW = Soaked Weight; DW = Dried Weight and WA = Water Absorption
Thermal Shock Resistance
Thermal Shock Resistance" is a measure of the resistance of a refractory to sudden changes in temperature [4] . Test specimens each of size 50mm in diameter and 50mm in length were made from the clay samples. They were then inserted into the furnace, which was maintained for 24hrs at a temperature of 900 o C. The specimens were left in the furnace for 10 minutes and then taken out to cool in a stream of air and then put back into the furnace, which was kept at 900 o C for another 10 minutes. This process was continued until the test specimens were in such a condition that, after cooling, they can be readily pulled apart; but failure is not deemed to have occurred until the test piece breaks into two equal pieces (parts). The number of complete cycles required to cause failure in each specimen was recorded.
Apparent Porosity
Porosity is a measure of volume of all pores present in a material [5] . The test specimens measuring 2.5 cm x 2.5 cm x 2 cm was cut from a burnt refractory brick by a cut off wheel from within its core and cleaned from dust. The specimens were then dried in an oven at 110°C for 24 hours to ensure total water loss, and later fired up to 1100ºC in a muffle furnace. The dried weights were measured and recorded. The dried specimens were then suspended in distilled water such that the specimen does not touch the bottom or sides of the container. The specimens were later boiled for two hours while still suspended in water, cooled to room temperature and their weights noted. The specimens were then removed from water and water is wiped off from its surface by lightly blotting with a wet towel and weighed in air (W) [1] . The apparent porosity (p) was then calculated by:
Where V1= Actual volume of open pores of the specimen (cc) = (W-D); V = External volume of the specimen = (W-S) This can be expressed as:
Where: W = soaked weight; D= Dry weight; S= Suspended weight
Specific Gravity
Specific gravity is the ratio of density of the material to density of water. The Powdered clay sample, passed through 100 sieve B.S.S, was introduced using a glass funnel into a previously weighed specific gravity (SG) bottle (WP), and weighed, (W). The powder sample was covered with distilled water under vacuum and the bottle suspended in water of a known temperature for approximately 15 minutes to equilibrate followed by weighing, (W2). The bottle was then washed, filled with distilled water and allowed to equilibrate for another 15 minutes and weighed, (W1). The specific gravity was then calculated based on the following expression:
where S.G. = Specific gravity; wP = Weight of bottle ; w1 = weight of bottle + water ; w = weight of picrometer bottle + sample; w2 = weight of sample + bottle +H20 after boiling.
Refractoriness
Refractoriness could be defined as the measure of fusibility of a material and indicates the temperature at which the material softens [6] . Test cone(s) were prepared from each clay specimen, dried and fixed with cement at the centre of a refractory plaque along with pyrometric cones equivalent (PCE) both cones were placed in the furnace in accordance with the American society of Testing Materials (ASTM). The heating rate over the last 200°C below the estimated fusion temperature was care-fully controlled at 10°C per minute and was observed by the use of an optical pyrometer. The heating continued till the tip of the test cone bent touching the refractory plaque. The plaque bearing the test cone was removed from the furnace and the test cone examined when cold. Refractoriness of the test cone was determined by the temperature equivalent on the standard cone that bent to a large extent similar to the test cone.
Refractoriness under load
Refractoriness under load (RUL) is a measure of the deformation behavior of refractory ceramic products subjected to a constant load, at an increasing temperature [7] . A cylindrical test piece normally 50 mm diameter by 50mm height is subjected to a specified compressive load and heated at a specified rate of temperature increase until a prescribe deformation or subsidence occurs, the deformation of the test piece was then recorded. The refractoriness under load of the three beneficiated samples were determined by using an instrument known as RUL/CIC 421 (BSI:1893) 2007 standard. RUL/CIC 421 runs under proteus software on windows it comprises of every information that were needed in carrying out the measurement and evaluating the result data.
Cold Crushing Strength
This is the load at which cracks appear in the specimen. The test specimens were cut from refractory shapes preserving the original surface as far as possible. The cold crushing strength of the refractory bricks were carried out by placing the test specimens on a flat surface followed by the application of a uniform load to it through a hydraulic compression testing machine. The load at which cracks appear in the refractory specimen represents the CCS of the specimens.
Cold crushing strength was then calculated using this formula:
. . = ℎ (8)
Grain Size Analysis
Grain Size Analysis is the diameter of individual grains of sediment [1]. The particle size distributions of the samples were determined using the B.S Standard test sieves. 300g kaolin clay sample was weighed and poured into already arranged sieves on a mechanical shaker. It was shaken for 25 minutes after which mass on each sieve was determined. The percentage retained (PR) and percentage passing for each sieve and pan was calculated using the following expressions.
X-ray diffraction
Chemically clays are defined by crystal structure and chemical composition. The X-ray diffraction (XRD) patterns were achieved using a Bruker D8 Advance machine. The pattern were scanned in series of angles diffraction from 10 o to 80 o (2θ) in steps of 0.034" designed for clay using copper (CuKɑ) with a wavelength of 1.5406Å as X-ray source. At various angle, the intensity diffracted were measured and recorded instantly on a chart, the suited (θ) and (d) values were generated and received.
Scanning Electron Microscope
This is a type of electron microscope that produces images of a sample by scanning it with a focused beam of electrons. The electrons interact with atoms in the sample, producing various signals that contain information about the samples surface topography and composition [8] . The results of the scanning electron microscope of the clay samples are shown in plate 1-4
2.4.14Thermal Expansion.
1. Sample was mounted in the expansion base of the thermal conductivity/expansion meter. 2. The length (L) of the sample was measured at room temperature by measuring from the inner edge of the sample on one end, to the inner edge of the angle bracket at the other end. 3. This was recorded with initial expansion of 0 mm. 4. The heater was switch on and with every 50 o C raise in temperature the increment in length (L) was taken using infrared meter in millimeter. A Temperature Thermal expansion (mm) curve was then plotted to show the trend as the increment occurred up to the stage in which decrement was noticed due to total removal of moisture and any other impurity. Stated mathematically:
Where ∝ is a constant called coefficient of expansion
RESULTS AND DISCUSSION 3.1 Chemical Properties
The results of the chemical properties tests are presented in Table 2 . From While the silica contents for the beneficiated samples A,B and D fall below the internationally acceptable standard for fire clay of between 25-45% , sample C is slightly higher than the maximum international standard of 45% however they compare favourably with that of Auchi, Warri, Asaba, Uyo, Ozubulu, Nnewi, Nsukka, Enugu, Ijerro Ekiti, Maikunkele, Kaura which are: 57.00%, 55.90%, 51.70%, 54.01%, 59.93%, 55.12%, 55.00%, 56.30%, 51.71% and 51.68% respectively. The iron oxide (Fe2O3) value for beneficiated sample C is 0.435% which fall slightly below the standard value for India fire clay of between 2-5% while sample A and B falls within the standard acceptable value of 0.5-2.5%, for fire clay. Sample D content value is still above the standard value for fire clay. Other impurities like CaO, TiO2, MnO, MgO, and ZrO2 were reduced to minima, while others are not detected on the beneficiated samples.
Physical properties of the kaolin and ball clay samples
The physical properties obtained from average of five (5) readings from this investigation are shown in Table  3 . The explanations of each of the refractory property are made in the following subsections.
Bulk Density
From Table 3 , the bulk density value of sample A and C were found to compare well with the international acceptable range of 1.7-2.1g/cm 2 [1]. However, the bulk density value for sample B is slightly higher than the normal international acceptable ranges. 
Apparent Porosity

Moisture Contents
The moisture content were found to be 14% for sample A, 12% for sample B and 13.33% for sample C. Sample C value are nearly the same as the 13% value of Zungeru clay [3] .
Water Absorption
From Table 3 , the water absorption was found to be 1.6% for sample A, 3.8% for sample B and 3.6% for sample C. This shows that the three samples can be used as refractory bricks. A brick with water absorption of less than 7% provides better resistance to damage by freezing [1]. 
Thermal Shock Resistance
Specific gravity
The specific gravity values compare very well with those of some Nigerian clays such as Kpakungu which has a specific gravity value of 2.810 and Maitunbi which has a specific gravity value of 2.836 [3] . The investigated specific gravity values equally compared favourable with the international acceptable range of between 2.0 -2.8.
Firing shrinkage
Refractory materials were noted to shrink while in use at high temperature. Results for the fired shrinkage are presented in Table 3 
Refractoriness
The result in Table 3 showed that the refractoriness of the sample occurred at a temperature of 1500 0 C, 1420 0 C and 1510 0 C. This high temperature might have been due to the appreciable amount of the alumina content in the clay. The alumina in the clay was a strong indicator of its refractoriness and the higher the alumina, the higher the refractoriness [3] . The refractoriness of the bricks produced shows that the materials could be used for the making of fire bricks. However only sample A and sample C. met the minimum international standard of refractory, bricks of between 1500-1700 0 C [6].
Cold Crushing strength
From Table 3 above, it was noted that, none of the samples were within the acceptable minimum standard of 1500kg/ cm 2 [3] . Sample A is the strongest and sample B is the weakest. This shows that sample A material will resist much abrasion and will be less attacked by slag, followed by sample C. Table 4 shows the values of the thermal conductivity test for all samples. The values showed that sample C had the least thermal conductivity value of 0.87W/mK.
Fig. 1 Thermal Expansion Curves of the Clay Samples
Thermal Expansion
Thermal Conductivity
While the highest value was sample B which as a value of 1.11W/mK. 
Particle size distribution
The result of the sieve Analysis carried out on the clay samples revealed that 98.8%. and 97.12% of samples A and B (Kaolin) and D (Ball clay) used as binder, respectively pass through 75 micron this compared favourably with the standard passing value of 90% [5] . Sample C (Kaolin) passing value of 86.44 was slightly below the standard value. Based on these results. Sample A, B and D are quite adequate for refractory bricks production.
X-Ray Diffractions (XRD)
The X-ray diffraction scan for kaolin clay sample A, sample B and sample C, shows that the minerals are predominantly composed of kaolinite with some few percentage of quartz, anatase, magnetise and illite as shown in Figure 2-4 . The analysis revealed that kaolinite has the highest relative amount of minerals present in the clay sample. Based on the outcome of this analysis the clay tested is a kaolin clay. While figure 5 shows that the clay mineral in Baddegi is composed of quartz with some few amounts of kaolinite, illite and rutile. The analysis revealed that quartz has the highest relative amount of minerals present in the clay sample. Based on the outcome of the analysis the clay tested is a ball clay. 
SEM for Badeggi Clay Sample
The morphologies of the four clay minerals are shown in Plate 1 -Plate 4. As can be seen, the three kaolin samples show a well-developed lamellar structure which is broken down by processing thus reducing the particle size and the volume measured with BET apparatus leading to a decreased density. The three kaolin sample shows the same behaviour. The beneficiated kaolin minerals exhibit a pseudohexagonal plate like shape which is similar to other kaolinite minerals reported by John [10] . The Badeggi ball clay as shown in Plate 4 on the other hand is much finer, from the beginning showing a very fine structure which is likely to form aggregates during processing, leading to an increased equivalent diameter and an increased density. This is what has been shown experimentally.
Refractoriness Under Load of the Kaolin Samples
The refractoriness under load test (RUL) gives an indication of the temperature at which the bricks will collapse in service conditions with similar load. [7] . Actually, the results of sample C (Osun) clay sample fall within the limits specified by the above mentioned references while that of samples B and C (Edo and Kebbi) clay falls below the specified limits of between 1200-1400 RUL standard for fire clay bricks [7] . Figure 6-8 Crushing Strength values, far less than the minimum requirement of 1500kg/cm 2 for fire bricks. (h)The water absorption rate for the three samples are moderately good as a brick with water absorption rate of less than 7% provide better resistance to damage by freezing. The water resistance by bricks increases with increase in pores. (i)Moreover, from the results obtained in this investigation, based on the experimental results of the refractoriness under load test (RUL) carried out on the sample bricks, sample C (Osun) clay is capable of being used for oven and furnace lining of which temperature limit would not exceed 1400°C. While sample A and B could be improved on through the addition of alumina oxide in varying proportion to the samples. 
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